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Agenda
» Drainage Water Management and related standards
» Practice with “drained area” and “impacted area"

» Resources for DWM planning and design
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What is Drainage Water Management?
The process of managing the water table elevation and
the timing of water discharges from surface and
subsurface agricultural drainage systems.

Theory: hold nutrients in field when drainage is not
needed for production

Raised Water.Table
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Saturated Soil =\ \

Flow Control Mechanism
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Nutrient Load Reduction

K
FACT:

Less flow from drainage system -
Less nitrates to surface water

)
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Where Does the Nitrate Go?

Controlled Drainage

_Control Structure

Q
Crop uptake

; feks 7
g lower the outlet

elevation by

adding or —— >
ﬁ: subtracting gates

Neighboring tile

Deep seepage Image courtesy of Christianson et al, 2016
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Management

» Prior to field activities remove flashboards (about 10
days...weather dependent)

“tx\f During growing season, manage water table to provide
o#"©"_“capillary water to root zone

» During fallow season, raise water table (within 6” of the
surface)

After harvest Before planting or

i o
harvest § After planting
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Example Crop Year

Date
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Aug Or.:t Dec

How effective is DWM?

Example Year

Feb Apr Jun Aug

Subsurface Tile Drain Flow
1

Natural Resources Conservation Service
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Ideal Drainage Management

laterals

laterals

main

!\ main
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Water level control structure
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But what if it’s real life?

Water [,
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NRCS Standards for DWM

Plan = Implement - Manage

1. DWM-CAP - conservation activity plan, code 130

2. Structure for Water Control — 587
(and potentially Subsurface Drain — 606)

3. DWM - practice code 554
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NRCS Standard: Drainage Water Management
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554-CP5-1

CONSERVATION PRACTICE STANDARD
DRAINAGE WATER MANAGEMENT
Code 554
(Ac)

DEFINITION

The process of managing the drainage volume and water table elevation by regulating the flow from a
surface or subsurface agricultural dralnage system.

PURPOSE
The purpose of this practice is to:

s Reduce nutrient, pathogen, and pesticide loading from drainage systems linto downstream receiving
watars.

Improve productivity, health, and vigor of plants.
Reduce oxidation of organic matter in soils.

!
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Conditions Where Practice Applies

» Surface or subsurface drainage systems on ag land
» High natural water table

» Relatively flat topography
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Selected Criteria for DWM

» Minimize drainage below that necessary to provide
adequate crop root zone.

» Set to within 12” of control elevation during fallow periods
(6” below cover crop rooting depth)

» Also applies to liquid manure application times...leave it up
for at least 15 days following manure application...

» 2 week window for: raising the boards after harvest, ‘
lowering the boards before field operations :
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Key criteria for water control structure

» Designed in accordance with sound engineering principles

» Loading on the structure,
» Management operations,
» Exposure

» Intended purpose

» Meet the requirements of the standard you're using the structure to
support .
vc\se

X0
ao\e \
Code 587 N\&:\Zic’ter 1o\
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“Traditiqnal” stoplog structures

Images: ADS and AgriDrain
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Many other adjustable water level structures

Images: AgriDrain and ADS
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Buried, in-line structures

Image courtesy of AgriDrain, Inc.
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How does it work?

Image courtesy of AgriDrain, Inc.
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Caution — use only as intended

8 inch Water Gate
12 inch lift model

[
(=

Head difference (inches)

(=T S R S = L =]

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Flow rate (cfs)

Shaded area is above
Free-flow Mode recommended flow range

Managed-Flow Mode

Testing by University of lllinois
Department of Agricultural and Biological Engineering
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DWM Standard (554) requirements for structure
» Free drainage mode: water control structure must require no more than
0.2 feet of head to maintain the unrestricted flow rate of the drainage
system. . : — =
8 inch Water Gate
. 12 inch lift model
_u i
E 12 '
£ 10 1
g i
g g 1
& 1
5 4 H
0.2 ft m=mmm=--— - i Sl bl s o s
] 1
T A 1
0.0 0.1 : 0.2 0.3 0.4 0.5 0.6 0.7 0.8
! Flow rate (cfs)
=71
FIOW Shaded area is above )
Managed-Flow Mode Free-flow Mode recommended flow range

Drain discharge in cubic feet per second

w7 67 tile carries 0.13 cfs on
*"1 | a0.075% grade (less
than an inch in 100 feet)

Drain grade in percent

0.2 03 0.5 10 20 3.0 50 10.
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Selected criteria for subsurface drain
» Be able to carry the design flow on the grade it will be laid
» Minimum depth of cover 2.0 feet in most soils

» Flow velocity not less than 0.5 ft/ sec (faster if sedimentation is a

concern)
» Max velocity for perforated tile Table 1. Maximum Flow Velocities by

Soil Texture.

Soil Texture Velocity, ft./sec.
Sand and sandy loam 3.5

Silt and silt loam 5.0

Silty clay loam 6.0

Clay and clay loam 7.0
Coarse sand or gravel 9.0

Natural Resources Conservation Service
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Table 2. Minimum Length of Qutlet Pipe
. Sections

Outlet Requirements —

Pipe Diameter, in Min. Section
b Length, ft.

8 and smaller 10
10to0 12 12
151018 186
Larger than 18 20

Rigid, Non—Perforated Conduit____Dia. —

\ Maximum Extension
173
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= i — Animal Guard
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% 1]
- N
NA. _
Subsurface Drain OR Rigid Conduit Length T R
: |
Underground Outlet Tile =
: e L=_Ft N End 0f Outlet Pipe Must Extend To

The Toe OF The Ditch Side e O
To The Area Protected From Eresion
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Get a DWM Plan!

» Template available on lllinois Drainage

Drainage Water Management (DWM) Plan

Guide

» Use it to write a CAP 130 or any DWM
Plan =

» Better likelihood of funding through

NRCS

http://www.wa.illinois.edu/
DG/DrainageGuide.html

AN mags can te cut, pasted, snd scanned ar photecepied fram
documerts.

exinting

Natural Resources Conservation Service
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» ID and location info

» Objectives

» Maps and delineations

» Control structure summary table
» Management instructions

» Signature page

» Checklist

Highlights of a DWMP

http://www.wq.illinois.edu/DG/DrainageGuide.html

Natural Resources Conservation Service
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Drained Area

Drainage pipes

1
or “tile™ \

Saturated soil

Flow to main i
or ditch >

» Defined by lateral spacing recommendations
in IL Drainage Guide (predominant soil type)

» Outer boundary = distance of 'z the lateral
spacing away from the tile line(s)

Natural Resources Conservation Service Helping People Help the Land \0’
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Let's do some examples
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Drained Area

» Patterned tile system, Drummer soil (152), tile
installed 3 ft deep

» Spacing between tile laterals 100 ft

DRAINAGE GROUP 2A (moderately permeable, poor or very poorly drained)

—
Soil number and name: 67 Harpster 142 Patton 244 Hartsburg 594 Reddick
68 Sable 152 Drummer 252 Harvel (Montgom- 648 Clyde
125 Selma 153 Pella ery County)

Subsurface drainage®; 3 feet deep, 80 to 100 feet apart, or 4 feet deep, 100 to 120 feet apart.

Natural Resources Conservation Service Helping People Help the Land \ ’
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Outlet

Drained Area
Example #1

Topographic Map with Tile Map Overlay

Natural Resources Conservation Service
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Control Elevation and Control Zone

» Control Elevation: lowest elevation of soil surface in the area of the field
(control zone) impacted by a water control structure.

Water Level Control Control Elevation
Structure

.................... Raised Water Table_____....

',." l [ Solid pipe

o« —F -
<& #————  Drrain Water -
o -

\ Riser Boards (Adjustable)

» Control Zone (impacted area, zone of inffluence): drained area upstream
of the given control structure.

» Lower boundary = control elevation
» Upper boundary = 2 ft above control elevation, or next structure (whichebis

less
Natural Resources Conservation Service Helping People Help the Land \ ’
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Control Zone

-

=

| zone of Influence__

o B -
- -
- -
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i

- -

Water [,
I Leye| Contrp, Deyiceg
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Control Zone — Example #1

» We just did the Drained Area of proposed control structure

» Determine Control Elevation

» Determine Control Zone

Natural Resources Conservation Service Helping People Help the Land \ ’
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Control Zone Water Control Structure
Example #1

Natural Resources Conservation Service
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Control Zone — Example #2
» Determine Drained Area of subunit controlled by Structure #1

(assume tile spacing meets provisions of
Drainage Guide for complete coverage)

» Determine Control Elevation

» Determine Control Zone of the same subunit

Natural Resources Conservation Service Helping People Help the Land \0’
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Control Zone — Example #3
» Determine Drained Area of subunit controlled by Structure #2

(assume tile spacing meets provisions of
Drainage Guide for complete coverage)

» Determine Control Elevation

» Determine Control Zone of the same subunit

Natural Resources Conservation Service Helping People Help the Land \0’
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Control Zon‘é
Example #3

Natural Resources Conservation Service

Let's do this
one together.

/ Structure #3

UsDA
S it States Department of Agriculture o
G @
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Control
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Control Zone
Example #3

Natural Resources Conservation Service

__—  Stucture#3  Flevations:

Structure @ 98.0
Control EL  98.0
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With the tile paralleling the slope
instead of running straight up and
down, we can control most of the
hill with just one more structure.

Natural Resources Conservation Service
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DWM on Surface Drains

Courtesy:
North Carolina State University

Natural Resources Conservation Service e \ ’

21



USDA
YolA

S  unitea states Department of Agricuiture

DWM by Pumping

Natural Resources Conservation Service Helping People Help the Land \ ’
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Recycling Drainage Water?

fece drainage
)

» Subirrigation

» Pairs well with DWM (but tile lines
need to be closer)

» Water quality benefit is mostly in
the DWM

» Great crop yield improvements Cropland ", . s~ Reservoir

» Financial assistance is rarely
available for the irrigation part

Courtesy:
Purdue University

Natural Resources Conservation Service

22



USDA

S  unitea states Department of Agricuiture

Limitations for Standard DWM

- Economics

Flat topography (0.5 - 1% average slope; minimum 15-20
acre impacted area per structure)
Patterned (systematic) subsurface tile system exists

Tile map exists

- Land Type and Use

Need to be able to hold a water table! (soil type)
No negative impact on neighbors

Natural Resources Conservation Service Helping People Help the Land \0’

USDA
YolA

S  unitea states Department of Agricuture

DWM Benefits

As a part of a conservation system, DWM:

» Improves water quality

Documented 35-81% nitrate load reduction in lllinois

» But also, it can be used to:
» Improve soil environment for better vegetative growth
» Reduce rate of soil organic matter oxidation

» Improves Crop Yield?

» Maybe in dry years /
» Anecdotal evidence: up to 10% increase

Natural Resources Conservation Service Helping People Help the Land \0’

23



USDA
YolA

S  unitea states Department of Agricuiture

Mapping assumptions:

* Flat cropland (1% slope or less)

* Likely to be tile drained (high water table
during growing season)

 Cropland

* Minimum15 acre parcels

Simplification: land ownership and tile
configuration not considered

By the Numbers:

* 24 million cropland acres

¢ ~10 million drained

e ~2 million suitable for DWM

https://transformingdrainage.org/tools/cd-suitability/

Natural Resources Conservation Service
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Selected Considerations

» Flat fields (< 1% slope) or design drainage system on contour
» Observation ports may be useful during growing season
» There may be less surface water infiltration, more runoff

» Avoid traffic on fine-textured wet soil (compaction issues)

Natural Resources Conservation Service Helping People Help the Land \0’
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» DWM Plan (Code 554 or CAP 130)
» Maps

» Structure (Code 587)

» Plan view

» Profiles and cross sections

» Structural drawings

» Vegetation/mulching (if needed)
» Safety features

Natural Resources Conservation Service

» Management Plan according to O&M section

» Construction and material specifications

Plans and Specifications

See the

Statement of Work
or the CAP-130 for
more details.

See the
Statement of Work
for more details.

Helping People Help the Land \0’
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Operation and Maintenance

Harvest Date

T
\N\“‘e Control

Starting Date for Fallow Season Water

Fallow Season Control Depth

Spring Water Release Date

Planting Date

30 March 2006, 15 Apr, 2007

A0 Ko 15 June

2006, 30
Nov, 2007 2006 & 2007

30 Aug. 2006, 14 Sep. 2007

Natural Resources Conservation Service

Growing Season

Date

Control Depth (inches)

Helping People Help the Land \6’
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Resources for DWM

» Standard drawing
» Customizable construction specs and O&M documents

» lllinois Drainage Guide template
l ,/JﬁElev. -

Existing Ground ‘\
I

foity r T R

| Stop Socrds (See Note 4)

h Downstream

Existing Tile M \ — In. Dia. Non—Perf. Pipe

\\ Ih. Dia. - \ ___ Ftlong (See Notes 1 & 2)

\ _—

\ ; \
K - -

Upstream f Stable Base \
——— In. Dia. Nen—Pert. Pipe — L (See Note 6) Existing Tile____ IN. DIA
Elev.

_____Ftlong (See Motes | & 2)
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Equal Opportunity

The U.S. Department of Agriculture (USDA) prohibits discrimination against its customers. If you believe you experienced
discrimination when obtaining services from USDA, participating in a USDA program, or participating in a program that receives
financial assistance from USDA, you may file a complaint with USDA. Information about how to file a discrimination complaint is
available from the Office of the Assistant Secretary for Civil Rights.

USDA prohibits discrimination in all its programs and activities on the basis of race, color, national origin, age, disability, and
where applicable, sex (including gender identity and expression), marital status, familial status, parental status, religion, sexual
orientation, political beliefs, genetic information, reprisal, or because all or part of an individual’s income is derived from any public
assistance program. (Not all prohibited bases apply to all programs.)

To file a complaint of discrimination, complete, sign and mail a program discrimination complaint form, available at any USDA
office location or online at www.ascr.usda.gov, or write to:

USDA
Office of the Assistant Secretary for Civil Rights
1400 Independence Avenue, S.W.
Washington, D.C. 20250-9410

Or call toll free at (866) 632-9992 (voice) to obtain additional information, the appropriate office or to request documents.
Individuals who are deaf, hard of hearing or have speech disabilities may contact USDA through the Federal Relay service at
(800) 877-8339 or (800) 845-6136 (in Spanish). USDA is an equal opportunity provider, employer and lender.

Persons with disabilities who require alternative means for communication of program information (e.g., Braille, large print,
audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice and TDD).
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